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The Need for Rapid Diagnosticszzzzzzzz….. 
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Potential Benefits of Rapid Diagnostics 

• Improved, appropriate treatment and outcome for 
patient 

 
• Improved infection control and outbreak monitoring 
  
• Reduction in empirical antimicrobial prescriptions 

• Preservation of broad spectrum antimicrobials 
• Reduction in duration of treatment 
• Reduction in cost of treatment 
• Overall reduction antimicrobial consumption 
• Potential reduction in levels of resistance 
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Rapid diagnostics here often means… 
a molecular solution! 

• FIND THAT BUG AND NAME IT QUICKLY 
 
• NAME THAT ANTIBIOTIC  RESISTANCE QUICKLY  
 
• (and hopefully) DO THE RIGHT THING FOR THE 

PATIENT, QUICKER 
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Time is relative…. 
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…and money 
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…and thought 
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Technology-driven solutions 

Sequencing speed 

 

Sequencing chemistry 

 

Microfluidics 

 

Novel physics solutions 

 

Mass production capability 
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In San Diego, a $207 million effort to 
deeply explore the health of 1 million 
patients is being led by Dr. Eric Topol, 
a Scripps Health cardiologist and 
geneticist 

Human genome = one hour 

= $207 dollars per GWAS 
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The 
technology’s 

here. 
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2000 
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2. Simple: Dried Primers and Freeze Dried Reagents 

Seyrig et al., 2011 
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Seyrig et al., 2011 

10-min TB assay, for example! 
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PROBLEM NO. 1 
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Bacterial sepsis: the problem and the 

challenge 
• 20 million cases per year 

worldwide 

• 135000 deaths per year in Europe 

• 21500 deaths a year in the USA 
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R3 = Rapid, robust, reliable 
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Performance evaluation: ”first cut” 
output 

Prove-itTM Sepsis 

Positive 

Prove-itTM Sepsis 

Negative 
Accuracy 

 

Reference 

method 

Positive 

1696 

True positive 

94  

False negative 

Sensitivity  

95 % 

Reference 

method 

Negative/ 

positive* 

18 

False positive† 

1476 

True negative 

Specificity  

99 % 

n = 3318 
samples 

Tissari et al: Accurate and rapid speciation of bacteria from positive blood 

cultures using a novel DNA-based microarray platform. 

 Lancet 2010, 9719: vol 375 
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• Routine culture: 

- Average TAT: 57 hours 

 
 

• Prove-it sepsis: 

- Average TAT (incl. week-end): 28 hours  

- Average TAT (excl. week-end): 17 hours 
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How many were sold? 
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Why? because Doctors didn’t need it. 

”then…” = let’s play safe 
and (we can afford to) 
wait for the cultures….. 
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PROBLEM NO. 1: NOT SOLVED. 
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PROBLEM NO. 2 
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The serum Sodium is 138 mMol/L. 
(normal range 132 – 145) 

Hmmm… 
what’s his 
Na+? 

High!!!! DO x…. 

Normal!!!! DO 
nothing…. 

Low!!!! DO y…. 
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Frequency 
of bi-stable 
measurand 

Well                ill 
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Well                ill 

Frequency 
of bi-stable 
measurand 
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Number 
of bugs 

Well                ill 

Frequency of 
(no longer!) 

bi-stable 
measurand 
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Number 
of bugs 

Frequency of… 
?stochastically 

generated 
population 
frequency  

Well                ill 
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Qualitative and quantitative analysis of the microbiota in lower respiratory tract 
infections reveals a high proportion of polymicrobial infections  

eP072 

www.rid-rti.eu 

Introduction & Aim 
While the respiratory flora is known to be notoriously 
diverse, little information exists regarding co-infections or 
ratios of individual organisms in lower respiratory tract 
infections (LRTIs). Such information is essential prior to 
designing appropriate molecular diagnostic tests for these 
conditions.[1]  
 

The aim of this study was to examine the microbiota of 
respiratory samples from community and hospitalised 
patients with LRTIs.  

Results 
127 community samples and 190 hospital samples were 
collected.  These comprised 167 sputum samples, 115 
endotracheal tube aspirates and 35 bronchoalveolar 
lavages. 
 

Community samples contained an average of 4.1 distinct 
species per sample, of which 2.7 were present at a 
concentration >105 CFU/ml and 1.6 were pathogens. 21% of 
samples contained at least two pathogenic species at a 
concentration >105 CFU/ml (Table 1 & Figure 1A).  
 

Hospital samples contained an average of 3.1 distinct 
species per sample, of which 1.5 were present at a 
concentration of >105 CFU/ml and 1.1 were pathogens. 10% 
of samples contained at least two pathogenic species at a 
concentration >105 CFU/ml (Table 1 & Figure 1B). 
 

There was wide variation in the combinations of organisms 
seen in a single sample and no specific pattern emerged. 

Methods 
317 respiratory  samples were randomly chosen from the 
diagnostic laboratory of a busy inner city tertiary hospital 
in London between September 2013 and March 2014. 
Samples were serially diluted to 10-5 and each dilution 
plated onto three agars; blood, chocolate and chromogenic 
UTI medium.  
 

All colonies exhibiting distinct morphologies were 
identified using MALDI-TOF mass spectrometry.[2] This data 
was analysed alongside clinical information. The identified 
organisms were classified as potentially pathogenic 
according to global data on the aetiology of LRTIs.[3, 4] 

Conclusions 
Gram-negative rods were surprisingly common in 
samples from patients within the community with  
S. aureus being rarely identified. The results suggest that 
the microbial flora of lower respiratory tract infections is 
diverse and it can be difficult to distinguish infection from 
colonisation. 
 

Polymicrobial  flora make it difficult to ascribe infectious 
causation. This could lead to complication in treatment 
and the design of molecular diagnostic tests for such 
infections. 

References: 1. F. C. Tenover (2011) CID 52:S338-S345.   2. P. Seng et al. 
(2009) CID 49:543-551.  3. R. N. Jones (2010) CID 51:S81-S87.   4. V. I. Enne et al. 
(2014). Curr Opin Pulm Med 20:252-25. 
 

Acknowledgements: This project has received funding from the European 
Union’s  Seventh  Programme  for  research,  technological  development  and  
demonstration under grant agreement No 304865. 

  

Most common 
organisms 

Community (n=127) Hospital (n=190) 

% of positive  
samples  

Median 
CFU/ml 

% of positive 
samples 

Median 
CFU/ml 

Potential pathogens 

Haemophilus spp. 27.3% 4.30E+06 6.8% 4.00E+05 

S. pneumoniae 19.5% 1.63E+07 6.8% 1.51E+04 

P. aeruginosa 18.0% 1.80E+07 17.3% 9.25E+03 

Enterobacter spp. 18.0% 5.60E+04 6.3% 3.64E+05 

E. coli 15.6% 3.68E+05 14.1% 7.80E+04 

S. aureus 12.5% 8.55E+05 9.4% 1.18E+04 

Klebsiella spp. 11.7% 9.00E+03 14.1% 4.32E+04 

S. maltophilia 7.8% 5.06E+05 9.4% 1.37E+04 

A. baumannii 7.0% 1.22E+04 7.9% 3.80E+02 

Commensals 

Viridans Streps 66.4% 3.60E+06 32.5% 2.15E+05 

Neisseria spp. 62.5% 5.77E+05 24.1% 1.65E+04 

Candida spp. 29.7% 2.50E+06 38.2% 2.00E+05 

S. epidermidis 14.1% 1.57E+04 24.6% 2.50E+04 
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Figure 1. Species diversity for samples at 105 CFU/ml 

G. Platt1, S. Schwenk1, Y. Personne1, K. Thomas1, L. Grgic1, V. Gant2, V. Enne1 & A. Zumla1 
1.University College London, Gower Street, London, contact: v.enne@ucl.ac.uk 2.UCLH NHS Foundation Trust, London 

Qualitative and quantitative analysis of the microbiota in lower respiratory tract 
infections reveals a high proportion of polymicrobial infections  

eP072 

www.rid-rti.eu 

Introduction & Aim 
While the respiratory flora is known to be notoriously 
diverse, little information exists regarding co-infections or 
ratios of individual organisms in lower respiratory tract 
infections (LRTIs). Such information is essential prior to 
designing appropriate molecular diagnostic tests for these 
conditions.[1]  
 

The aim of this study was to examine the microbiota of 
respiratory samples from community and hospitalised 
patients with LRTIs.  

Results 
127 community samples and 190 hospital samples were 
collected.  These comprised 167 sputum samples, 115 
endotracheal tube aspirates and 35 bronchoalveolar 
lavages. 
 

Community samples contained an average of 4.1 distinct 
species per sample, of which 2.7 were present at a 
concentration >105 CFU/ml and 1.6 were pathogens. 21% of 
samples contained at least two pathogenic species at a 
concentration >105 CFU/ml (Table 1 & Figure 1A).  
 

Hospital samples contained an average of 3.1 distinct 
species per sample, of which 1.5 were present at a 
concentration of >105 CFU/ml and 1.1 were pathogens. 10% 
of samples contained at least two pathogenic species at a 
concentration >105 CFU/ml (Table 1 & Figure 1B). 
 

There was wide variation in the combinations of organisms 
seen in a single sample and no specific pattern emerged. 

Methods 
317 respiratory  samples were randomly chosen from the 
diagnostic laboratory of a busy inner city tertiary hospital 
in London between September 2013 and March 2014. 
Samples were serially diluted to 10-5 and each dilution 
plated onto three agars; blood, chocolate and chromogenic 
UTI medium.  
 

All colonies exhibiting distinct morphologies were 
identified using MALDI-TOF mass spectrometry.[2] This data 
was analysed alongside clinical information. The identified 
organisms were classified as potentially pathogenic 
according to global data on the aetiology of LRTIs.[3, 4] 

Conclusions 
Gram-negative rods were surprisingly common in 
samples from patients within the community with  
S. aureus being rarely identified. The results suggest that 
the microbial flora of lower respiratory tract infections is 
diverse and it can be difficult to distinguish infection from 
colonisation. 
 

Polymicrobial  flora make it difficult to ascribe infectious 
causation. This could lead to complication in treatment 
and the design of molecular diagnostic tests for such 
infections. 

References: 1. F. C. Tenover (2011) CID 52:S338-S345.   2. P. Seng et al. 
(2009) CID 49:543-551.  3. R. N. Jones (2010) CID 51:S81-S87.   4. V. I. Enne et al. 
(2014). Curr Opin Pulm Med 20:252-25. 
 

Acknowledgements: This project has received funding from the European 
Union’s  Seventh  Programme  for  research,  technological  development  and  
demonstration under grant agreement No 304865. 
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Introduction & Aim 
While the respiratory flora is known to be notoriously 
diverse, little information exists regarding co-infections or 
ratios of individual organisms in lower respiratory tract 
infections (LRTIs). Such information is essential prior to 
designing appropriate molecular diagnostic tests for these 
conditions.[1]  
 

The aim of this study was to examine the microbiota of 
respiratory samples from community and hospitalised 
patients with LRTIs.  

Results 
127 community samples and 190 hospital samples were 
collected.  These comprised 167 sputum samples, 115 
endotracheal tube aspirates and 35 bronchoalveolar 
lavages. 
 

Community samples contained an average of 4.1 distinct 
species per sample, of which 2.7 were present at a 
concentration >105 CFU/ml and 1.6 were pathogens. 21% of 
samples contained at least two pathogenic species at a 
concentration >105 CFU/ml (Table 1 & Figure 1A).  
 

Hospital samples contained an average of 3.1 distinct 
species per sample, of which 1.5 were present at a 
concentration of >105 CFU/ml and 1.1 were pathogens. 10% 
of samples contained at least two pathogenic species at a 
concentration >105 CFU/ml (Table 1 & Figure 1B). 
 

There was wide variation in the combinations of organisms 
seen in a single sample and no specific pattern emerged. 

Methods 
317 respiratory  samples were randomly chosen from the 
diagnostic laboratory of a busy inner city tertiary hospital 
in London between September 2013 and March 2014. 
Samples were serially diluted to 10-5 and each dilution 
plated onto three agars; blood, chocolate and chromogenic 
UTI medium.  
 

All colonies exhibiting distinct morphologies were 
identified using MALDI-TOF mass spectrometry.[2] This data 
was analysed alongside clinical information. The identified 
organisms were classified as potentially pathogenic 
according to global data on the aetiology of LRTIs.[3, 4] 

Conclusions 
Gram-negative rods were surprisingly common in 
samples from patients within the community with  
S. aureus being rarely identified. The results suggest that 
the microbial flora of lower respiratory tract infections is 
diverse and it can be difficult to distinguish infection from 
colonisation. 
 

Polymicrobial  flora make it difficult to ascribe infectious 
causation. This could lead to complication in treatment 
and the design of molecular diagnostic tests for such 
infections. 

References: 1. F. C. Tenover (2011) CID 52:S338-S345.   2. P. Seng et al. 
(2009) CID 49:543-551.  3. R. N. Jones (2010) CID 51:S81-S87.   4. V. I. Enne et al. 
(2014). Curr Opin Pulm Med 20:252-25. 
 

Acknowledgements: This project has received funding from the European 
Union’s  Seventh  Programme  for  research,  technological  development  and  
demonstration under grant agreement No 304865. 

  

Most common 
organisms 

Community (n=127) Hospital (n=190) 

% of positive  
samples  

Median 
CFU/ml 

% of positive 
samples 

Median 
CFU/ml 

Potential pathogens 

Haemophilus spp. 27.3% 4.30E+06 6.8% 4.00E+05 

S. pneumoniae 19.5% 1.63E+07 6.8% 1.51E+04 

P. aeruginosa 18.0% 1.80E+07 17.3% 9.25E+03 

Enterobacter spp. 18.0% 5.60E+04 6.3% 3.64E+05 

E. coli 15.6% 3.68E+05 14.1% 7.80E+04 

S. aureus 12.5% 8.55E+05 9.4% 1.18E+04 

Klebsiella spp. 11.7% 9.00E+03 14.1% 4.32E+04 

S. maltophilia 7.8% 5.06E+05 9.4% 1.37E+04 

A. baumannii 7.0% 1.22E+04 7.9% 3.80E+02 

Commensals 

Viridans Streps 66.4% 3.60E+06 32.5% 2.15E+05 

Neisseria spp. 62.5% 5.77E+05 24.1% 1.65E+04 

Candida spp. 29.7% 2.50E+06 38.2% 2.00E+05 

S. epidermidis 14.1% 1.57E+04 24.6% 2.50E+04 

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

0 1 2 3 4 

P
e

rc
e

n
ta

ge
 o

f 
sa

m
p

le
s 

Number of organisms per sample 

A. Community samples 

Any organism Pathogens 

Table 1. Top organisms associated with respiratory tract infections 

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

0 1 2 3 4 

P
e

rc
e

n
ta

ge
 o

f 
sa

m
p

le
s 

Number of organisms per sample 

B. Hospital samples 

Figure 1. Species diversity for samples at 105 CFU/ml 

G. Platt1, S. Schwenk1, Y. Personne1, K. Thomas1, L. Grgic1, V. Gant2, V. Enne1 & A. Zumla1 
1.University College London, Gower Street, London, contact: v.enne@ucl.ac.uk 2.UCLH NHS Foundation Trust, London 

127 Community samples 

4.1 Distinct species 

2.7 >105 CFU/mL 

1.6 Pathogens 

10% At least two pathogens at 
>105 CFU/mL 

190 Hospital samples 
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Species diversity at >105 CFU/ml among respiratory samples 
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CFU analysis of organisms for 
SPU+ETT (n=302) 
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Technical Challenges 

• Distinguishing infection from colonisation 
• Molecular detection potentially much more sensitive than culture 

• Defining threshold values for qPCR 

 

• Distinguishing targets between commensal and pathogenic 
flora  

• Identifying organism for resistance gene carriage 

 

• How to cope with organisms that can be both pathogens and 
commensals 

 

• How to cope with diversity…??? 

• ..and actually – what does this mean…??? 

 

© Dr Vanya Gant 2018  



PROBLEM NO. 2: NOT SOLVED. 
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PROBLEM NO. 3 
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Space  (and money) 
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In a working NHS laboratory, not far from you….. 

X 
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HSL laboratories 
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Space: the final (expensive for the NHS) frontier…. 

Ca. £100 k pa for the space alone 
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The “Lab on a chip” concept 
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Microfluidic Chips 

• 64 wells ~500 nL each 

•  Chip varies according to the use 

• Low cost ( material cost < 5 cents per chip) 

• Field deployable with minimal training  

A Higher Density CCD Based System on 

Android 
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Control and Graphical User Interface 
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OK – it’s small – but does it work for 
patients…?? 

 

• A reasonable number of small platforms 
deliver what’s on the tin 

• These (in general) deliver in clinically 
actionable timeframes 

• Current performance (independently 
validated) evidence base(s) not that prevalent 

• And….. 

 

• Do they make a difference to 
outcome…..?????? 
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PROBLEM NO. 3: 
NOT (RE)SOLVED 
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PROBLEM NO. 4 
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Genotype vs. Phenotype 

Hughes D, Andersson DI. 

Environmental and genetic modulation of the phenotypic expression 

of antibiotic resistance. 

FEMS Microbiol Rev. 2017 May 1;41(3):374-391 
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PROBLEM NO. 4: 
NOT SOLVED (OR PERHAPS 

SOLVABLE) 
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PROBLEM NO. 5 
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The adoption cycle: 

theory 
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The adoption cycle: 

reality 
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Sir Derek Wanless’ report(s) for the NHS 

• Improvements to NHS pay and new financial 
incentives to encourage staff to improve 
services 

• NHS staff must increase productivity from 2% a 
year at present to 2.5% a year in the first 10 
years if improvements are to be made  

• A doubling of spending on information 
technology  

• A major increase in the new hospitals building 
programme to bring the average age of 
facilities down to 30 years 

• An average of over eleven years from a good 
idea to its widespread implementation   
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PROBLEM NO. 5: 
NOTHING SHORT OF SOCIETAL 
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economic 
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Uncertainty  
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New Pathology = solutions, not test 
results. 

• The technology for finding bugs is not the issue –it’s here. 
• The technology for finding relevance in their presence is 

beyond PCR. 
• The technology for getting phenotypic antibiotic 

resistance right is not here, with a molecular solution only 
- yet. 

• The Price is not the issue – it’s the Cost of not having the 
Solution, and the perceived cost of spending to Save. 

• Our Central Role in providing diagnostic solutions is often 
undervalued – despite its central role in Medicine and 
patient outcomes.     
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“The Gadget Show” 
 
 
• Public appetite for affordable healthcare  
technologies has fuelled a revolution in attitudes  
towards self- care and Treatment 
 
• Many GPs put out of business as self - diagnosis and 
treatment becomes common 
 
• Centralised specialist acute care, DGHs in decline, only entrepreneurial NHS 
organisations have survived 
 
• International communication standards allow devices to Communicate – 
online expertise accessed 24/7 
 
• Private sector provider brands become household names, especially in 
diagnostics and self 
-care 
 
• Elderly and vulnerable unable to embrace new technologies increasingly 
forgotten 

Chris Evenett 
© Dr Vanya Gant 2018  
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Conclusions 

• PCR-based “sample-in/answer-out” technology has potential 
to considerably increase the speed of diagnosis of bacterial 
infections, while reducing “hands-on” time 

 

• Number of targets that can be detected is limited – for now 

 

• Potential to reduce inappropriate antimicrobial prescribing 
and improve clinical outcome 

 

• Performance in the clinic yet to be established – will clinicians 
“trust” the results? 
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What of the old School? 
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Then 
 
 
 
Yesterday 
 
 
 
Now 
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